Background: This study assessed the responses of Blood Pressure (BP) and Heart Rate (HR) to change of posture, Sustained Handgrip (SH),deep breathing(DB) and Valsalva manoeuvre (VM) in order to determining the normal limits and pattern of Autonomic Cardiovascular Indices (ACI) among healthy young adults.
Background
The autonomic nervous system (ANS) is one of the main divisions of the nervous system. It is responsible for the regulation of visceral functions and maintenance of homeostasis of the internal milieu [1] [2] [3] . The portion of the ANS which influences the heart (cardiac autonomic nervous system) consists of a complex network of pre-ganglionic and postganglionic sympathetic and parasympathetic fibres that synapse on extrinsic and intrinsic cardiac ganglia and ultimately directly innervate cardiac myocytes [4] . The cardiac autonomic nervous system plays an integral role in the modulation of haemodynamics and cardiac electrophysiology [4] . An abnormality of cardiac autonomic nervous system is referred to as cardiac autonomic dysfunction (CAD) or neuropathy (CAN). It is a serious complication of many diseases. CAD carries approximately five-fold risk of mortality in patient with diseases affecting the cardiac autonomic nervous system especially diabetes mellitus [5] [6] [7] [8] [9] [10] [11] . The high mortality rate may be related to silent myocardial ischaemia or myocardial infarction, cardiac arrhythmias, cardiovascular or respiratory functional instability. CAD may occur in a diversity of diseases such as diabetes mellitus, alcoholism, Parkinsonism, malnutrition, vitamin deficiencies, heavy metal poisoning, rheumatic arthritis and kidney disorders [12, 13] .
The autonomic tests found to be useful in the assessment of cardiac autonomic functions include; blood pressure response to sustained handgrip and change of posture, heart rate variability test, heart rate and blood pressure response to Valsalva manoeuvre, heart rate response to deep breathing, head-up tilt, heart rate response to standing, cardiac meta-iodobenzyl-guanidine, muscle sympathetic nerve activity and plasma norepinephrine in supine and erect posture [14] [15] [16] [17] . Commonly used indices of non-invasive cardiac autonomic function tests include: resting heart rate, Valsalva ratio, heart rate differences during deep breathing, E:I ratio, blood pressure
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Ogunlade et al. Int J Clin Cardiol 2015, 2:3 difference during isometric exercise and change of posture, 30:15 ratio, tachycardia ratio and bradycardia ratio [18, 19] . In Africa, the continent dominantly populated by the Black race, despite the rising trends in the prevalence of non-communicable diseases with proven significant impairment of cardiac autonomic function and consequential increasing mortality, data is sparse with regards to reference values for the standardized non-invasive cardiac autonomic function tests. In the few centres where patients are evaluated for cardiac autonomic function impairment, the Caucasian reference values are utilized for the assessment of the patients.
Methods

Participants
This was a cross-sectional descriptive study. The target population was apparently healthy adults (18-40 years) in Ile-Ife. Volunteers who consented to participate in the study were screened clinically. Inclusion criteria were; blood pressure (BP) <140/90mmHg and body mass index <30. Exclusion criteria were; age <18 years or >40 years, smokers, excess alcohol intake, pregnancy, lactation, hypertension, diabetes mellitus and other systemic diseases. The Ethics and Research Committee of the Obafemi Awolowo University Teaching Hospitals Complex, Ile-Ife approved the study protocol. A total of 204 volunteers (males and females) selected by purposive sampling technique participated in the study.
Cardiac autonomic function tests
Each participant performed a set of five non-invasive cardiac tests involving the use of sphygmomanometer, digital dynamometer and continuous recording of electrocardiogram (ECG) in a Research Laboratory. The first test was assessment of pulse rate (PR) and BP to determine the cardiovascular responses to change of posture. The second test was measurement of cardiovascular responses to sustained handgrip exercise. During the test, the maximum voluntary contraction (MVC) was determined by the use of dynamometer and the handgrip was thereafter maintained at 30% of MVC for a maximum period of 5minutes while cardiovascular parameters were recorded every minute. The third test involves evaluation of changes in cardiac electrical impulses in response to Valsalva maneouvre. The participant performed the manoeuvre by straining into a disposable mouth-piece attached to a manometer gauge in order to maintain an intraoral pressure of 40mmHg for 15s. ECG was recorded for 5s before the strain, 15s of the strain and 40s after the strain. Valsalva ratio and alterations in electrocardiographic intervals and waves were evaluated from the ECG strips. The fourth and fifth tests involved assessment of alteration in cardiac electrical impulses in response to deep breathing (6cycles of 5s inspiratory phase and 5s expiratory phase) and change of posture respectively.
Statistical analysis
Continuous variables were expressed as mean ± standard deviation. Categorical variables were presented as numbers and percentages. Categorical variables were compared using chi square. P value <0.05 was considered as statistically significant. Lower and upper limits of normal were determined at 5th and 95th percentage respectively.
Results
Sociodemographic characteristics
The study group consisted of 204 young adults (98 men, 106 women) between the ages of 18 
Cardiovascular response to sustained handgrip
The mean of maximum SBP, DBP, MAP and PR recorded within 5 minutes of sustained handgrip at 30% MVC were; 137.41 ± 18.38mmHg, 88.90 ± 18.24mmHg, 105.07 ± 12.05mmHg and 90.10 ± 13.99 beats per minutes respectively (Table 1 )
Cardiovascular response to valsalva maneouvre
The mean of the RR intervals 30s before the strain, shortest RR intervals during the 15s of the strain and longest RR intervals during the 20s after the strain of Valsalva maneouvre were: 0.81 ± 0.11s, 0.65 ± 0.12s and 0.98 ± 0.19s respectively. Post-strain pause (PSP) which ranged from 1.28-12.76s was observed in 14(6.86%) of the participants. PSP occurred more frequently in women (9.43%) than men (4.08%). No significant gender difference in the duration of poststrain pause (t=-1.628, p=0.105). Increase systolic blood pressure (BP) response was more frequent than decrease SBP response. Among sixty six (66) subjects (32.4%), the supine SBP was greater than erect SBP indicating a decrease in SBP within 1-2 minutes of standing while in 138 subjects (67.6%), supine SBP was less than erect SBP. 
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Cardiovascular responses to deep breathing
Heart rate response to deep breathing was illustrated in figure 2 which showed a reduction of RR interval (A) and increased heart rate during the phase of inspiration. During the phase of expiration, there was an increase in RR interval (B) and a decreased in heart rate. The mean minimum inspiratory RR interval, maximum inspiratory heart rate, maximum expiratory RR interval and minimum expiratory heart rate were: 0.66 ± 0.08s, 92.66 ± 11.04 beats per minute, 1.01 ± 0.17s and 61.19 ± 12.08s respectively. The mean amplitude of P wave during inspiration (1.54 ± 0.58mm) was higher than the mean P wave amplitude during expiration (1.03 ± 0.4mm).
Cardiovascular responses to standing
Upon standing from supine position, RR intervals decreased and the heart rate increased towards 15th beat. There was an increase in RR intervals and decrease heart rate towards the 30th beat after standing erect without support or leaning on a couch. The mean shortest RR interval around 15th beat after standing, longest RR interval around 30th beat after standing, maximum HR around 15th beat after standing and minimum HR around 30th beat after standing were: 0.61 ± 0.09s, 0.85 ± 0.18s, 100.42 ± 14.59s and 73.29 ± 13.99s respectively. Immediate poststanding pause (IPSP) which ranged from 0.72-17.24s occurred in 139 (68.14%) of the participants. The mean and median of the IPSP were 4.87 ± 3.33s and 3.64s respectively. The upper limit of normal at 95th percentile was 10.76s. The mean IPSP in men and women were 3.68 ± 3.91 and 2.98 ± 3.20 respectively. IPSP occurred among 69 (70.41%) of men and 70 (66.67%) of women.
Normal limits of autonomic cardiovascular indices
Autonomic cardiovascular indices such as SBP response to change of posture, DBP response to sustained handgrip, Valsalva Heart rate response to deep breathing showed a reduction of RR interval (A) and increased heart rate during the phase of inspiration while during the phase of expiration, there was an increase in RR intervals (B) and a decreased in heart rate.
A: Inspiratory RR interval, B: Expiratory RR interval The mean and normal limits for diastolic blood pressure response to sustained handgrip were: 20.14 ± 9.17mmHg and 0.00 -54.00mmHg respectively.
ratio, heart rate response to deep breathing (HDB) and 30:15 ratio or postural tachycardia index (PTI) were expressed in terms their means and normal limits (Table 2 ) (Figure 3-8 )
Discussion
This present study utilized 5th and 95th percentiles for the estimation of cut-off values for assessment of autonomic cardiovascular indices. Previously established cut-off values for noninvasive battery of cardiac autonomic function tests were based on those defined by Ewing et al among the non-black population [14, 18] . Postural change in systolic blood pressure had been established as a test of cardiac autonomic function mainly evaluating the sympathetic division of the autonomic nervous system [14, 18] . In this study, the findings in majority of the subjects, 138(67.6%), revealed an elevation of SBP within 2 minutes of rising from supine to erect position while in 66 subjects (32.4%), there was a fall in SBP while rising from supine to erect posture. The systolic blood pressure response to postural change had been classified into two categories; increase SBP response (hypertensive response or orthostatic hypertension) and decrease SBP response (hypotensive response or orthostatic hypotension). In this study, the hypertensive response characterized by elevation of blood pressure upon assumption of erect posture occurred in majority of the subjects. Unlike the commonly described hypotensive response, hypertensive response is an underappreciated and understudied clinical phenomenon [20, 21] .
Autoregulatory mechanisms ensure relative fluctuations of blood pressure with postural change in healthy individuals [20] .
Assumption of upright posture from supine position results in a small but measurable decrease in SBP due primarily to a redistribution of blood volume into the lower abdomen and extremities under the effect of gravity. In most people, this decrease in blood pressure is very slight and evanescent due to mobilization of neurohumoral and baroreflex mechanisms to maintain the blood pressure [22] . The initial physiological mechanisms bring about the hypotensive systolic blood pressure response while the compensatory mechanisms bring about restoration of blood pressure. Failure of the compensatory physiological responses bring about pathophysiological consequences resulting in orthostatic hypotension which is diagnosed when SBP falls more than 20mmHg within three minutes of standing from supine position [22] . On the other hand, the hypertensive response emanates from the pressor reflexes in response to change of posture. These consist of increase sympathetic drive and a decrease in the activity of the parasympathetic system. An increase in systolic blood pressure ≥ 20mmHg upon standing has been described as orthostatic hypertension [21] . The mechanism underlying development of orthostatic hypertension is not clearly understood but overcompensation of the pressor reflexes to postural change had been considered. Conditions associated with orthostatic hypertension include, essential hypertension, dysautonomias and type 2 diabetes mellitus. The finding of increase SBP response to change of posture among healthy young adults in this study suggests that a racial involvement might play a role.
Sustained handgrip is one of the standardized non-invasive tests of cardiac autonomic function. It was mainly designed for the The mean and normal limits for heart rate response to deep breathing were: 31.82 ± 10.81 beats per minute and 13.00 -48.75 beats per minute respectively. The mean and normal limits for resting heart rate were: 70.61 ± 12.23 beats per minute and 53.00-93.00 beats per minute respectively. evaluation of the changes mainly in the sympathetic division of the ANS [14, 18] . During sustained handgrip, a sharp rise in blood pressure occurs, due to a heart-rate dependent increase in cardiac output with unchanging peripheral vascular resistance [18] . The rise in DBP was estimated by subtracting the sitting mean DBP before the handgrip from the mean of maximum DBP within 5 minutes of 30% of MVC. In this present study, the mean ± SD and normal limit of rise in DBP in response to sustained handgrip were 20.14 ± 17.35mmHg and 0.00-54.00mmHg respectively. In the previous study by Ewing and Clarke, 1982, a value ≥ 16mmHg was considered normal while a value ≤ 5mmHg was considered abnormal. It was observed that the available data on the study of autonomic function in African population conducted in Tanzania by Torsvik et al. 2008 lacked reference range on DBP response to sustained handgrip because of the unavailability of handgrip dynamometer for determination of maximum voluntary contraction.
Resting heart rate reflects the balance of parasympathetic and sympathetic influences at the sinoatrial node, with higher heart rate indicating a decreased parasympathetic influence or over activity of the sympathetic influence [24] . Increased resting heart rate is a predictor of cardiovascular mortality in subjects with and without diagnosed cardiovascular disease [25] [26] [27] [28] . In this study, the mean resting heart rate (normal limits) was 70.61 ± 12.23 (53.00-93.00) beats per minute for both sexes. The resting heart rate is a good measure of balance in the autonomic nervous system as reduced parasympathetic activity causes resting tachycardia as an evidence of autonomic failure [29] . Evidence exists to show that the previously used reference limits of 60-100 beats per minutes for resting heart rate and the cut-off value >100 beats per minutes for sinus tachycardia or <60 beats per minutes for sinus bradycardia need to be revised in the light of emerging evidences that the reference limits may not be applicable universally as previously high-lighted by Palatini [30] . This concept was also supported by this present study.
The Valsalva maneouvre consists of four phases of acute short-lasting heart rate and blood pressure changes. The heart rate responses are the result of reflex mechanisms, predominantly of baroreceptor origin, which involve principally the parasympathetic autonomic nervous system [15, 31] . Autonomic cardiovascular indices derived from the RR variability include: Valsalva, tachycardia and bradycardia ratios. Valsalva ratio was a reliable measure of cardiac autonomic function [32] . The normal limits of Valsalva ratio in this study was 1.10-2.40. In this study, Valsalva ratio <1.10 or >2.40 may be considered abnormal in the study population. The previously cited reference values defined by Ewing et al. 1982 described normal Valsalva ratio to be a value ≥1.21 and abnormal value to be a value ≤ 1.10. Data for comparison in African population is sparse. Available data on battery of cardiac autonomic function tests in Tanzania provided by Torsvik et al. 2008 omitted heart rate response to Valsalva manoeuvre due to lack of facilities for the procedure in the country. Therefore, the result of this present study gives landmark data in the quest of defining the pattern of cardiac autonomic function among Blacks. Tachycardia ratio and bradycardia ratio were described as indices of parasympathetic function during Valsalva manoeuvres [19] . In this study, mean ± SD (normal limits) of tachycardia ratio and bradycardia ratio were 0.80 ± 0.12 (0.58-1.00) and 1.21 ± 0.20 (0.95-1.60) respectively. However data is sparse on the reference limits and clinical relevance of the autonomic cardiovascular indices.
HDB is one of the most reliable indices of cardiac parasympathetic functions. The function of parasympathetic division of the ANS is reduced early in the development of cardiac autonomic neuropathy and heart rate variability induced by deep breathing is almost exclusively mediated by the parasympathetic fibres [14, 33] . HDB was assessed as the difference between the maximum and minimum heart rate during deep breathing. In this present study, it was observed that the heart rate increased during inspiration and decreased during expiration in most participants. There was associated peaking and increased amplitude of P waves during inspiration. The mean inspiratory and expiratory P wave amplitudes were 1.54 ± 0.58mm and 1.03 ± 0.44mm respectively. The mean HDB estimated from the subtraction of maximum heart rate during inspiration from the minimum heart rate during expiration was 31.82 ± 10.81 beats per minute. The normal limits of the HDB ranged from 13.00-48.75 beats per minutes. This implied that HDB less than 13.00 beats per minute or greater than 48.75 beats per minute were considered abnormal. The lower cut-off value for the HDB in this study was slightly higher than 10 beats per minute defined by Ewing and Clarke, 1982 . The upper cut-off value was not discussed by Ewing and Clarke in their early study on heart rate variation to deep breathing [18] . Immediate heart rate response to standing is an established non-invasive test of CAF. It was found to be very useful in the assessment of parasympathetic function. PTI was assessed by the aid of electrocardiograph and the print out electrocardiogram was assessed for the shortest RR interval at or around the 15th beat and the longest RR interval at or around the 30th beat after standing from a supine position. The characteristic heart rate response was expressed by the 30:15 ratio or postural tachycardia index. In the present study, the shortest RR interval indicating the maximum heart rate was not obtained at exactly 15th beat while the longest RR interval (indicating the minimum heart rate) was not obtained at 30th beat of standing. Immediate poststanding pause (IPSP), a phenomenon characterized by absence of P wave, QRS complex and T waves immediately after assumption of an erect posture from supine position was observed in majority of the participants. The IPSP ranged from 0.72-17.24s and was recordable in 139 participants (68.14% of the total number). The mean and median of the IPSP were 4.87 ± 3.33s and 3.64s respectively. The upper limit of normal of IPSP obtained in this study was 10.76s. The mean value of IPSP in men and women were 3.68 ± 3.91s and 2.98 ± 3.20s respectively. This probable physiological phenomenon was more frequently observed in men. Most of the participants with IPSP had no orthostatic symptom. IPSP was an observatory phenomenon in this study but no previous documentation could be found in literature and the physiological or clinical significance of IPSP is uncertain.
In this present study, the mean of 30:15ratio (PTI) was 1.41 ± 0.31 and the normal limit of PTI was 1.08-1.84. This implied that abnormal PTI occurred when PTI <1.08 or >1.84. According Ewing and Clarke, 1982, PTI ≤ 1.00 was considered abnormal whereas no upper limit for abnormality was mentioned. PTI which ranged from 1.01-1.03 was described as indicator of borderline autonomic function [14, 15] .
Conclusions
Non-invasive assessment of cardiac autonomic function is feasible in Nigeria. Increase rather than decrease in systolic blood pressure response occurred more frequently upon a change from supine to erect posture. IPSP was a unique pattern of cardiac autonomic functions in study population.
